Colorectal cancer (CRC) is a major public health problem. It is estimated that men have a 1 in 16 and women a 1 in 20 lifetime risk of being diagnosed with CRC. In 2007--2008, there were ∼17 100 new cases diagnosed in men and 14 400 in women, making it the third most commonly diagnosed cancer (excluding non-melanoma skin cancers) in the United Kingdom. In the same time period, ∼13 300 people died from CRC, the second highest cancer mortality rate in the United Kingdom ([@bib2]).

The NHS Bowel Cancer Screening Programme (BCSP) was introduced in April 2006 to decrease the mortality from CRC. The primary aim of the programme is to detect CRC at an earlier stage, thereby improving both the morbidity and prognosis of patients. A secondary aim is to identify and remove adenomas.

In the north east of England, full uptake of the screening programme was achieved by April 2008. The population eligible for screening includes anyone aged 60--69 years, extended to 74 years in January 2010. Screening comprises biennial non-rehydrated guaiac-based faecal occult blood tests (FOBts) (Hemascreen, Immunostics Inc., Ocean, NJ, USA). The test requires completion of six windows from three consecutive stool specimens. If five or six are positive the test is abnormal and colonoscopy is offered to the individual. If one to four windows are positive the test is defined as unclear and up to two repeat tests are undertaken. If both of these are clear the screening episode is considered to be negative. If any further windows are positive this is classified as a weak positive result and the patient will be offered a colonoscopy. Colonoscopy within the BCSP is performed only by accredited endoscopists who undergo continuous audit to ensure a consistently high standard of colonoscopy ([@bib10]).

Within any cancer type covered by a screening programme there are three distinct categories of cancer diagnoses. These are non-uptake cancers (the population who decline the screening test that are later diagnosed with a cancer), interval cancers (a cancer diagnosed between screening rounds, after a negative screening episode) and screen-detected cancers. An interval cancer may be diagnosed after a normal FOBt or screening colonoscopy, and before the screened individual was due to undergo their next planned screening test (FOBt or surveillance colonoscopy). Within our study, we define a fourth control group: patients diagnosed with a CRC before their completion of a screening episode. They belong to the same age range and were diagnosed in the same time frame as those offered screening.

Interval cancers may either be due to a false-negative screening test result, or aggressive, fast-growing tumours that have developed between screening rounds. Possible causes of increased aggressiveness of these tumours include increased levels of microsatellite instability from loss of function of mismatch repair genes ([@bib16]), and positive cytosine-phosphate-guanine island methylator phenotype (CIMP) status ([@bib1]).

The aims of the study were to identify all CRCs, in the population eligible for screening, comparing the patient demographics, tumour stage/site, and short-term outcomes between the four groups defined above. Secondary aims were to look in detail at the effectiveness of the FOB test.

Materials and methods
=====================

Trial design and participants
-----------------------------

The Northern Colorectal Cancer Audit Group (NORCCAG) has collected data on all patients with CRC within the North East of England continuously since 1997. It covers a population of ∼3.1 million. NORCCAG collects patient demographics, radiological, endoscopic, surgical, oncological, and pathological data for each new diagnosis that is discussed in dedicated colorectal multidisciplinary team meetings. Dates of death are collected via the Office of National Statistics. Over this study period, data were collected directly from each unit, as well as from the National Bowel Cancer Audit Project (NBOCAP). The 2010 NBOCAP annual report described case ascertainment of ∼81% for the North of England cancer network ([@bib13]).

The study design and methodology was endorsed by members of the Northern Region Endoscopy Group, a collaborative research network representing over 300 endoscopists ([@bib15]).

The NORCCAG database was interrogated to identify all CRCs diagnosed between April 2007 and March 2010, in patients aged between 60--69 years. Details of relevant investigation, surgical, and pathological data were extracted for each patient. Patients living outside the North East screening hub region were excluded.

This patient group was then cross-referenced with the regional bowel cancer screening database to gain the relevant screening history for each patient. These data included details of FOB invitations and results, screening nurse practitioner appointments, and details of screening colonoscopies.

The two databases were combined to allow classification of patients into their respective groups of control, interval, non-uptake, and screen-detected cancers. Patients who declined the FOB test (*n*=301), or declined a screening nurse practitioner appointment (*n*=3), and those who declined a screening colonoscopy (*n*=7) were combined into one non-uptake group. All patients that submitted a positive FOB result, but were diagnosed through symptomatic bowel cancer services before completion of a full screening round, were classified into the control group (*n*=19), along with the population who were diagnosed before receiving their first screening invite (*n*=492).

As the study is classified as service evaluation, formal ethical approval was not required. Confirmation of this was given by the local NHS research and ethics committee. The National Information Governance Board was approached who accepted that pseudo-anonymisation of patients between databases was sufficient for formal approval not to be required.

Data analysis
-------------

American Society of Anaesthesiologists (ASAs) physical status grade was used as a surrogate for severity of patient comorbidities, being dichotomised into two groups of 1--2 and 3--5. Tumour location was dichotomised on being distal to the splenic flexure or proximal (up to and including the splenic flexure). The deprivation level was calculated using the participants\' postcode to derive their respective index of multiple deprivation rank (2007) for the Lower Super Output Area that they reside in. This was then dichotomised into two groups; whether or not the patient lived in the 10% most deprived areas within England. The modified Dukes\' staging classification (stages A to D) was used to stage each tumour. Local excisions included all endoscopic polypectomies and trans-anal resection of tumours. Pearson *χ*^2^ tests were used for variables of deprivation, gender, ASA grade, and tumour location. Kruskal--Wallis test was used for Dukes stage as an ordinal variable, with log-rank Mantel--Cox test used for survival analysis. Data were analysed using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). Significance in analysis was taken at the 0.05 level.

Results
=======

Within the study period of 1 April 2007 to 31 March 2010, 954 305 screening invitations were distributed, with an uptake rate of 56.0%. Colorectal cancers were diagnosed in 1336 patients within the age range eligible for screening. Of these, 511 (38.2%) were in patients before receiving their first screening invite (our control group), and 825 (61.8%) were diagnosed in those offered screening. Of those offered screening, 311 (37.7%) were in patients who didn\'t complete the screening process (non-uptake), 192 (23.3%) were interval cancers, and 322 (39.0%) screen-detected cancers.

Those with unknown tumour stage due to the patient being unfit or declining surgical resection (*n*=25), missing tumour stage (*n*=1), or those with no evidence of tumour found at surgical resection after chemo/radiotherapy (*n*=14) were not included in the analysis using Dukes stage as a variable.

Screen-detected cancers *vs* control group
------------------------------------------

When compared with the control group, screen-detected cancers were found predominantly in men and in the left colon, with no difference in ASA grade or deprivation level ([Table 1](#tbl1){ref-type="table"}). Significantly more Dukes\' A and fewer Dukes\' D cancers were detected, with a superior short-term crude survival (all cause, log-rank Mantel--Cox *χ*^2^=53.617, d.f.=1, *P*\<0.001). Significantly more local excisions were performed in the screen-detected group (for all stages of tumour and for Dukes\' A cancers) compared with control, interval, and non-uptake groups(*P*\<0.01), as well as significantly fewer palliative procedures and cases with no intervention (*P*\<0.05) ([Table 2](#tbl2){ref-type="table"}).

Screen-detected cancers *vs* interval cancers
---------------------------------------------

When compared with the interval cancers, screen-detected cancers were found predominantly in men, with no difference in ASA grade or deprivation level ([Table 1](#tbl1){ref-type="table"}). Screen-detected cancers were predominantly in the left colon with significantly more Dukes\' A, fewer Dukes\' D cancers, and a superior short-term crude survival (all cause, log-rank Mantel--Cox *χ*^2^=50.361, d.f.=1, *P*\<0.001).

Positivity of the FOBt
----------------------

There were a total of 551 individuals that were diagnosed with a CRC who had returned at least one FOBt kit. In all, 339 (61.5%) were positive test results, 36.8% were negative test results, 8 (1.5%) were incomplete kits (all returned one unclear test), and 1 (0.2%) was a spoilt kit unsuitable to be read.

Comparing the negative *vs* positive test results, on univariate logistic regression analysis, male gender (*P*=0.022), tumours distal to the splenic flexure (*P*=0.001) and earlier cancers (Dukes stage A/B, *P*\<0.001) were predictors of a positive FOB result. These remained significant on multivariate analysis (*P*=0.013, *P*=0.005, and *P*\<0.001, respectively).

Interval cancers *vs* control group
-----------------------------------

When compared with the control group, there was no significant difference found in gender, ASA grade, deprivation level, tumour site, Dukes stage, operative management, or short-term survival (log-rank Mantel--Cox *χ*^2^=0.478, d.f.=1, *P*=0.489).

FOB test results from previous screening rounds
-----------------------------------------------

There were 46 cases where the patient had submitted a FOB test from a screening round before the round in which their cancer was diagnosed. A total of 32 patients submitted a normal FOBt at their first screening round, with 26 being diagnosed with a screen-detected cancer and 6 an interval cancer after their next round of screening. Of the 32 earlier normal tests, 14 (43.8%) were of Dukes stage C or D; 12 patients declined screening at their first offer, with 11 being diagnosed with a screen-detected cancer and 1 an interval cancer at the subsequent screening round.

Comparison of subgroups of interval cancers
-------------------------------------------

In all, 15 (7.8%) interval cancers had one unclear FOB test first before having two normal tests. Compared with the interval cancer group with one normal test, there was no difference found in gender (*χ*^2^=1.286, d.f.=1, *P*=0.257), ASA grade (*χ*^2^=0.007, d.f.=1, *P*=0.933), deprivation level (*χ*^2^=2.505, d.f.=1, *P*=0.114), tumour location (*χ*^2^=1.302, d.f.=1, *P*=0.254), Dukes stage (*χ*^2^=0.055, d.f.=1, *P*=0.815), or survival (log-rank Mantel--Cox, *χ*^2^=1.638, *P*=0.201). Those with one unclear test were diagnosed with their cancer significantly sooner (7.5 *vs* 12.8 months from completion of the FOB test, *t*=2.987, *P*=0.003) to those with one normal test.

Survival
--------

Dates of death before 1 November 2011 were recorded. Mean follow-up for all cases was 29.3 months (range 0--54.9 months, s.d. 15.1 months).

There was a significant difference in survival between groups (log-rank Mantel--Cox, *χ*^2^=69.018, d.f.=3, *P*\<0.001) when the screen-detected group is compared against all other groups, both individually and combined as shown in [Figure 1](#fig1){ref-type="fig"}. When the control, non-uptake, and interval cancer groups are compared against each other, no significant difference was found in survival.

Discussion
==========

This is a comprehensive study of CRC in one English region following the implementation of the National BCSP. By using the combination of the NORCCAG database and the BCSP database, an accurate comparison of all cancers and their short-term outcomes has been demonstrated.

Clinical population studies from Nottingham, Funen, Minnesota, Burgundy, and Goteborg ([@bib9]; [@bib7]; [@bib6]; [@bib8]; [@bib12]; [@bib5]) have shown that screening increases the detection of earlier CRCs, accompanied by an overall improvement in survival for screen-detected cancers. Pilot studies performed by Hardcastle *et al.* in Nottingham between 1981 and 1991 showed that there was a 15% reduction in cumulative CRC mortality in the screening group. There was also a larger proportion being diagnosed with earlier bowel cancers (Dukes A). Of the 893 cancers diagnosed in the group offered screening (CRC incidence of 1.49 per 1000 person-years), 236 (26.4%) were detected by faecal occult blood (FOB) screening, 249 (27.9%) presented after a negative FOB test or investigation, and 400 (44.8%) presented in nonresponders ([@bib6]). Compared with these results, our study shows that the proportion of cancers detected through screening has improved with implementation of the national programme, with a decrease in the proportion in nonresponders. This could be due to improved awareness of the screening programme through national media campaigns. Our study also shows that nearly 40% of all screen-detected cancers are Dukes stage A with an improved survival rate compared with the non-screen-detected cancer population. The earlier stage profile in screen-detected cancers may represent the true prevalence of CRCs within a population. The natural history of CRCs and the asymptomatic nature of early cancers mean that more advanced tumours are more likely to present through symptomatic services, as well as being present for a shorter duration before progressing to a more advanced stage (i.e., metastasising to nodes/distant organs).

Factors influencing the positivity of the non-rehydrated guaiac FOBt in the detection of CRC can be analysed by comparing the patient and tumour characteristics of positive and negative test results. Left-sided lesions and male sex were associated with significantly greater proportions of positive FOB results.

A recent paper by [@bib17] reviewed the rates and outcomes of interval cancers within the pilot study of the Scottish Bowel Cancer Screening Programme. They also found that interval cancers were detected more frequently in women and in the right colon. Reasons for the difference due to gender are unclear. One possible explanation may be differing levels of oestrogen in women, with earlier stage tumours having been associated with the use of hormonal therapy ([@bib3]). Combined hormonal therapy has also been used in treatment of angiodysplasia with its effects of improved endothelial integrity and shortened bleeding time. However, trial results using this therapy have been mixed ([@bib4]). With the median age of natural menopause being 49 years in a UK cohort (interquartile range 45.0--51.0) ([@bib14]), the vast majority of women in the screening population will be post-menopausal. The role of medications which affect hormone levels (e.g., HRT) is unknown and may benefit from further analysis. Similarly, although aspirin use has been shown to be associated with a lower neoplasia detection rate in patients with a positive FOBt, its effect on the positivity of the FOBt in those with a CRC has not been established ([@bib11]).

Although [@bib17] found improved survival in patients with interval cancers over the non-screened control group, there was no significant difference in survival between these two groups in our study. When interval cancers were compared against the population who were offered but did not take up screening, and also against the control group, there was no difference found between Dukes stage or survival. This finding might be anticipated given that all interval cancers presented symptomatically, therefore similar tumour characteristics and outcomes as the control (non-screened group) would be expected. It does not support the suggestion that aggressive, fast-growing tumours may disproportionately present as interval cancers after a false-negative FOB test result.

In all, 7.8% of interval cancers were found in patients who had returned one unclear kit (one to four windows positive) followed by two normal tests, giving an overall negative result. Although this subgroup of cancers showed no significant difference in patient demographics, tumour stage, or survival, this may be due to the small sample size. They were, however, diagnosed with their CRC significantly quicker post completion of the FOBt. This raises the question regarding retesting at an earlier interval, or for testing with an alternate kit, such as an immunohistochemical FOBt (iFOBt), which allows for a differential cut-off level for a positive result.

It is encouraging that after a screening colonoscopy there were no missed CRCs detected. All cancers detected through a screening colonoscopy were either at the initial invite, or diagnosed at the planned surveillance colonoscopy. The rates of local excisions for Dukes\' A cancers are significantly higher for those who had a screening colonoscopy. Assuming there was no systematic difference in size or morphology of Dukes\' A tumours between groups, this may be a reflection on the high level of ability in performing polypectomies for those accredited colonoscopists.

In conclusion, this paper demonstrates the impact of the BCSP within one region of England since it has been rolled out nationally. The benefits of earlier stage detection and improved survival of screen-detected cancers are clear. However, there are still large numbers of cancers that are not detected through the guaiac-based FOBt. Possible reasons for this have been described above. In particular, failure of the current methods to detect right-sided cancers in women requires further research as this group comprise a significant number of patients falsely reassured by their results.
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###### Age analysed using *t*-test

                                                   **Not offered screening**   **Offered screening**   **All group comparison**   **Screen** ***vs*** **control**   **Screen** ***vs*** **interval**   **Interval** ***vs*** **control**            
  ----------------------------------------------- --------------------------- ----------------------- -------------------------- --------------------------------- ---------------------------------- ----------------------------------- --------- -------
  Mean age (years)+1 s.d.                                 64.97+2.75                65.32+3.01                65.71+2.83                    64.96+3.15                             NS                                 NS                  0.005     0.002
                                                                                                                                                                                                                                                    
  *Gender*                                                                                                                                                                                                                                          
   Male                                                   319 (62.4%)               192 (61.7%)              116 (60.4%)                    235 (73.0%)                          0.004                               0.002                0.003     NS
  *** ***Female                                           192 (37.6%)               119 (38.3%)               76 (39.6%)                    87 (27.0%)                                                                                               
                                                                                                                                                                                                                                                     
  *Lives in 10% most deprived areas in England*                                                                                                                                                                                                     
   Yes                                                    60 (11.7%)                60 (19.3%)                17 (8.9%)                     36 (11.2%)                           0.001                                NS                  NS        NS
  *** ***No                                               451 (88.3%)               251 (80.7%)              175 (91.1%)                    286 (88.8%)                                                                                              
                                                                                                                                                                                                                                                     
  *ASA grade*                                                                                                                                                                                                                                       
   1--2                                                   224 (77.8%)               138 (64.2%)              101 (73.7%)                    197 (79.8%)                          0.001                                NS                  NS        NS
   3--5                                                   64 (22.2%)                77 (35.8%)                36 (26.3%)                    50 (20.2%)                                                                                               
                                                                                                                                                                                                                                                     
  *Tumour location*                                                                                                                                                                                                                                 
   Distal to splenic flexure                              358 (70.1%)               205 (65.9%)              128 (66.7%)                    253 (78.6%)                          0.002                               0.007                0.003     NS
   Splenic flexure and proximal                           153 (29.9%)               106 (34.1%)               64 (33.3%)                    69 (21.4%)                                                                                               
                                                                                                                                                                                                                                                     
  *Dukes stage*                                                                                                                                                                                                                                     
   A                                                      89 (17.4%)                43 (13.8%)                36 (18.8%)                    125 (38.8%)                         \<0.001                             \<0.001               \<0.001   NS
  *** ***B                                                132 (25.8%)               87 (28.0%)                51 (26.6%)                    81 (25.2%)                                                                                               
  *** ***C                                                154 (30.1%)               95 (30.5%)                56 (29.2%)                    89 (27.6%)                                                                                               
  *** ***D                                                121 (23.7%)               72 (23.2%)                44 (22.9%)                     21 (6.5%)                                                                                               
  *** ***T0                                                6 (1.2%)                  2 (0.6%)                  1 (0.5%)                      5 (1.6%)                                                                                                
  *** ***Unknown                                           9 (1.8%)                  12 (3.9%)                 4 (2.1%)                      1 (0.3%)                                                                                                

Abbreviations: ASA=American Society of Anaesthesiologist; NS=not significant; s.d.=standard deviation.

Gender, ASA grade, deprivation level, and tumour location analysed using *χ*^2^ test; Dukes stage analysed using Kruskal--Wallis test. ASA grade was recorded in 66.4% of cases.

###### Operative type by group, all cases

                         **Not offered screening**   **Offered screening**                 
  ---------------------- --------------------------- ----------------------- ------------- -------------
  Resective              405 (79.3%)                 240 (77.2%)             152 (79.2%)   274 (85.1%)
  Local excision         15 (2.9%)                   8 (2.6%)                4 (2.1%)      38 (11.8%)
  Palliative procedure   33 (6.5%)                   26 (8.4%)               10 (5.2%)     3 (0.9%)
  No procedure           58 (11.4%)                  37 (11.9%)              26 (13.5%)    7 (2.2%)
